Mathematical tools related to coherence theory and classical-quantum equivalence, pioneered by Wigner and by Glauber, have proven essential to the modern, practical and empirical understanding of electromagnetics in areas like quantum optics and nanoelectronics. This paper specifies how an extension of these same tools (especially Glauber's "Q" mapping) can be applied to strong nuclear forces as well, and provide a "bottom-up" approach to the axiomatic unification of physics, grounded in empirical reality (with dice included). The Q hypothesis also has implications for quantum measurement and quantum information technology which are mentioned briefly, with reference to further connections. The basic hypothesis is that density matrices across all of quantum field theory can be "decoded" or mapped usefully into probability distributions for "classical" fields, by using a generalization of Glauber's Q mapping, which does the same for electromagnetics.
Introduction
A "theory of everything," in modern physics, is a mathematical theory which attempts to explain or fit all of the laboratory data available today, from the level of elementary particles and nanochips, to the level of gravitational effects between galaxies. Physics today appears to have only two contenders for a theory of everything -superstring or nbrane theory, and a hoped-for merger of quantum loop gravity with the "standard model of physics" (QCD+EWT). This brief paper will attempt to specify a third candidate, which I call "the Q hypothesis." This paper will not argue for the truth of the hypothesis. It will include a few remarks to explain it (with citations to more extensive explanations) , and discuss how the hypothesis might be used in working physics. In the end, my claim is that this hypothesis, like the classic Wigner hypothesis 2 , may have computational and empirical value, in helping us to explore and think about the universe. Religious commitment for (or against) specific theories of everything will not really help our fundamental theoretical understanding now, any more than it did when Tycho Brahe proposed his own sacred and elegant theories of strings in the heavens. The simplicity of the hypothesis may be somewhat shocking to some at first, but there is substantial analysis behind it, and the obvious questions have been considered.
Specification
1. The theory is defined by starting from a base theory and making two extensions.
2.
The base theory is a classical field theory (CFT) in the spirit of Einstein. We postulate a set of smooth continuous fields ϕ i (x,t) over flat Minkowski space, for i = 1 to N, where N is some finite number. The fields form a mathematical vector ϕ ϕ ϕ ϕ. In specific variations of this, the components of ϕ ϕ ϕ ϕ will of course be grouped in ways that include relativistic vectors, some under "topological constraints" (such as the Skyrme constraint that |v| 2 =1 for a vector v made up of some of the components of ϕ ϕ ϕ ϕ), relativistic scalars and so on. We assume that these fields are governed by the classical Lagrange-Euler equations for a specific Lagrangian density L(ϕ ϕ ϕ ϕ, ∂ µ ϕ ϕ ϕ ϕ), which may be represented equivalently in terms of a Hamiltonian density H(ϕ ϕ ϕ ϕ, π π π π). The state of the universe S(t) at any time t is defined as the set of values of ϕ ϕ ϕ ϕ(x, t) and of π π π π(x, t) across all points x at time t.
2a. First extension: append a set of m stochastic sources and sinks s i (x, t) to the Lagrange-Euler equations, with 0 ≤ m ≤ N. More precisely, if our N specific LagrangeEuler equations are properly ordered, then we simply append "+s i (x, t)" to the i-th Lagrange-Euler equation. The m sources/sinks, s 1 through s m , form a mathematical vector s. s(x, t) is defined as a source of "continuous white noise," governed by a Gaussian distribution N(0, Σ s ), similar to the usual continuous white noise sources familiar from everyday engineering and from (forwards) stochastic differential equations [21] . However, in this case, s(x, t) is a time-symmetric source of white noise, as will be discussed in item 3.
Remark -the hypothesis is that a proper choice of Lagrangian and of Σ s is sufficient to reproduce the standard model of physics, for the range of experiments which it actually predicts well, and also to explain certain experiments which it does not explain. In addition, the claim is that the resulting theory is mathematically well-specified without any axioms related to "regularization" and "renormalization."
2b. Second extension: the Lagrangian density and the Lagrange-Euler equations should be "metrified" by using the exact same procedure used by John Wheeler in his "already unified field theory" [2] , for which he received the Nobel Prize. More precisely then -the calculation of statistics both for s and for macroscopic "measurement" events like passage through a polarizer should be based on local Markhov Random Field (MRF) mathematics -MRF calculations over Minkowski space -rather than local Markhov Process (MP) mathematics. Here I am proposing that we replace one statistical model over continuous space-time or over a graph of measurement events with another; however, it is easier to understand the distinction between local MRF and local MP by considering a simple example over a space-time lattice, over one discrete spatial dimension (i x = -∞, …, -1, 0, 1, … +∞) and one discrete time dimension (t = -∞, …, -1, 0, 1, … +∞). In the simplest local MP, the probability of a state ϕ ϕ ϕ ϕ(i x , t) is given by:
But in the simplest local MRF over space time, it is given by:
Early work on "stochastic quantization 3 " showed how continuous space versions of this concept can obey the obvious requirements for finiteness and relativistic invariance and so on. [4] . See [3] for discussions of how this maps into quantum measurement experiments.
MRF-based calculations of probabilities across a discrete graph of variables has become very common in computational intelligence. For example, Sebastian Thrun of Berkeley has recently described how he used this method to keep his automated Volkswagen on the road, winning the DARPA Grand Challenge Race. Admittedly, this was a graph of variables at one time, but the mathematics required is the same for any such graph.
4.
Most of the major predictions of the standard model (EWT+QCD) can generally be mapped into predictions of spectra and of "scattering states [5] " -statistical equilibria which bypass the issue of quantum measurement. If we assume that the rules of quantum measurement should be derived from (quantum or CFT) dynamics and from boundary conditions in any case, rather than ad hoc assumptions, the main gap here is to prove that the Q hypothesis can replicate (or improve upon) these kinds of predictions.
Remark -This proposition is very compelling by itself, even if one restricts oneself to Fock space models of ultimate reality.
The traditional "Copenhagen" view of measurement, along with the idea that quantum field theory marches forwards in time in a local manner (never able to propagate information faster than the speed of light), has been thoroughly disproven by a large body of empirical evidence. For example, excited electrons at the edge of a cavity, in a Vertical Cavity Surface-Emitting Laser (VCSEL), will "choose" to emit light only at frequencies which resonate within the cavity. There is a kind of nonlocal or anticipatory boundary condition effect which affects what the electron does. A coherent theoretical understanding of these effects requires that we replace traditional quantum electrodynamics (QED) with a new field, called cavity QED [6] , which has enormous fundamental implications.
The main implications are as follows. All of the empirical evidence used to support the usual Tr(ρM) measurement formula is based on the operation of devices like cavities, polarizers, counters, and computers. There is not a shred or evidence that superposition works any differently for human observers, cat observers, or for "God at t=+∞". Yet whenever the notions of Tr(ρM) and "collapse of the wave function" have led to different predictions from the use of quantum dynamics to describe the "observer" itself (the physical polarizer or cavity), the collapse has collapsed. There is no evidence of any metaphysical observation process taking place anywhere between +∞ and -∞.
The results from cavity QED and so on can be reconciled with the idea that Tr(ρM) (but not collapse) works at infinite forwards time. But why should it work at forwards time and not backwards time, for example? The obvious explanation is that the thermodynamic arrow of time affects probability distributions and asymptotic boundary conditions for such. This suggests both a way to derive the t=+∞ measurement formula, and to analyze the possibility of exceptions to it which, like VCSELs, might behave very differently from the kinds of systems we built before we re-examined basic principles.
It is important, of course, that these same sorts of paradoxes and surprises should apply to the nuclear and gravitational realms as well.
5.
Though the universe is governed by a classical CFT (with extensions 2a and 2b), we totally lack the ability to eliminate microscopic "subquantal" fluctuations -similar to traditional thermodynamic fluctuations but acting symmetrically in time -in the states of the fields. In other words, "the microscopic universe is thermalized." 6. For any "successful" bosonic QFT, based on quantizing field variables ϕ 1 , …, ϕ N, any density matrix ρ corresponding to an equilibrium localized or scattering state should be interpreted to represent a statistical ensemble of possible "classical" states S defined as follows:
where d is the number of spatial dimensions (i.e. x ∈ R d ) and:
Equations 3 through 6 come from [7] . Equation 7 is the core of the definition of the "Q hypothesis."
Remark 1 -In [7] , I considered an alternative hypothesis, the "P hypothesis," based on mapping from a probability distribution Pr(S) to a density matrix ρ by:
This exactly reproduced some of the key equilibrium properties of bosonic QFT, enough to satisfy key axioms used by Weinberg in his derivation of QFT [8] . In particular, we proved that:
where H n is the normal-product form of the Hamiltonian operator, where H(S) is the total energy (Hamiltonian) of the CFT state S, where the density matrix ρ is calculated by equation 8, and where the angle brackets denote the (classical) expectation value. Nevertheless, in later calculations [9] , my partner and I discovered puzzling discrepancies between the equilibrium predictions of QFT and those of the P hypothesis. These were essentially the same as the "quantum correction terms" for the CFT versus QFT mass of model solitons, as described by Coleman [10] and by Rajaraman [11] .
The paradox may be explained as follows: when we look for states ρ of minimum energy in QFT, we are allowed to consider states ρ which cannot be reached by any allowable (nonnegative) probability distribution Pr(S); for reachable states ρ, the classical and the quantum energy predictions are the same, but not all states are reachable.
The Q hypothesis eliminates this problem, because equation 7 always yields an acceptable Pr(S) for any density matrix ρ allowed in QFT. However, it assumes that we cannot reach all possible mathematically well-defined states S(t) in actual experiments. That is why assumption (5) is an essential part of the hypothesis.
Remark 2 -Some theoretical physicists may find equation 9 to be quite astounding. But several years after we derived it -and discussed it with many, many others -we found out that it is basically just a generalization of well-established results for the "P" mapping developed by Glauber many years before for use in modeling electromagnetism (light). Glauber's "P" and "Q" mappings were a major part of the work which won him the Nobel Prize in 2005. They are a major staple of modern quantum optics [12, 13, 14] . I first considered using equation 7 by considering how the usual Q mapping can also be generalized, and used to overcome the discrepancies of the prior work.
From the work in quantum optics [12, 13, 14] , it is well-known that the Q probability distribution (pdf) is a "fuzzified" version of the corresponding P distribution. More precisely, the Q mapping allows us to reach any statistical mixture of classical pdfs defined by:
for a set of base field values {ϕ ϕ ϕ ϕ 0 (x), π π π π 0 (x)) at time t, representing a base state S 0 . Again, we may reach any mixture of pdfs like equation 7, across a set of possible base states S 0 , but in nondegenerate cases we would expect energy to reach a minimum for classical pdf with a definite base state S 0 .
Remark 3 -In general terms, I hypothesize that equation 10 is the result of "thermalization of the universe." In fact, it is well known that a Boltzmann distribution about a local minimum of energy can be well-approximated by a Gaussian distribution, in the local neighborhood. The w j factors in equations 4 and 5, and the integration over p, eliminate problematic cross-correlation effects. Nevertheless, this only works if the units used to describe each specific type of fundamental soliton are scaled to give a unit variance in equation 10; this suggests that the apparent multiplicity of fields in QFT might be explained in part as the result of different scaling of different solitons based on a smaller number of underlying fields.
Remark 4 -
The dynamic predictions of the Q hypothesis would not be identical to those of the corresponding QFT under all circumstances. For example, the Q hypothesis would predict that zero degrees Kelvin (as presently understood) is not truly a state of perfectly zero motion. This very strong deviation from standard QED has in fact been verified empirically, in very extensive research replicated by many leading laboratories [15, 16] .
Remark 5 -If we assume that the thermalization is due to boundary condition effects at (infinite) space and time, we would presumably end up with a traditional Boltzmann distribution, which contains a temperature vector -a vector of coefficients of H and P in the grand canonical ensemble. That vector provides a certain kind of preferred direction or arrow of time, violating the spirit of special relativity to some degree. But if we assume that it results from assumption (2a) above, the problem disappears. The effect is as if each "heavy point particle" is perturbed relative to its own rest frame. Nevertheless, no one on earth has ever measured the variation in the level of zero-temperature decoherence for systems moving near the speed of light. Thus we do not have a strong empirical basis as yet for preferring one variation over the other.
7.
Under the generalized P mapping, the classical energy functional H maps into H n , the normal-product form of the Hamiltonian. Thus the P hypothesis would assert that the CFT governing the universe have a Hamiltonian H such that H n appears to be a valid bosonic QFT. But the mapping is different for the Q mapping, as is well-known in quantum optics. In essence, we use the anti-normal product. Thus the classical-quantum equivalence maps between a classical energy density which is mathematically welldefined, in a clean way, and a QFT which is well-defined only with the addition of a kind of regularization procedure for dealing with the "zero point energy" terms which result. (In fact, such a procedure is also used in the first stage of traditional canonical quantization or in Feynman path quantization. The Q hypothesis appears more consistent with the Hawkings theory of gravity than the P hypothesis, but the theoretical and empirical issues related to mid-sized black holes, for example, are very far from being well-established as yet.) The classical axioms are clean, but what they map to is the fully messy reality of bosonic QFT -with a basis for deriving and truly proving rather than assuming the regularization of zero-point terms.
8. The hypotheses above (parts of the Q hypothesis) make sense only if we can replicate (or improve upon) the predictions of the standard model (EQT+QED), by using a purely bosonic field theory. That once seemed impossible, because the standard model includes fermionic fields as well as bosonic fields, and the "spin-statistics theorem" [17] seemed to rule out constructing fermionic fields from any kind of aggregation or behavior of bosonic fields. However, a large body of work (e.g. [10, 18, 19] ) has shown that this is not true. For the Q hypothesis, I make the following additional subhypothesis: that we can replicate the demonstrated predictions of the standard model as the limit as r→0 of a parameterized family of bosonic (and classical) field theories defined by a Hamiltonian density H(ϕ ϕ ϕ ϕ, π π π π, r), where each field theory for r>0 is mathematically well-defined and nonsingular even without any regularization or renormalization procedure. In effect, the passage to a limit in r could be considered as a kind of constructive physical regularization; if we assume a very small nonzero value of r, we arrive at a theory which fits the empirical data but is well-defined even without regularization axioms. The Hamiltonian would be chosen so as to yield "solitons" whose radius is roughly proportional to r, but whose other properties do not change substantially as r changes in the neighborhood of zero.
Remark -Why is renormalization and regularization unavoidable in the standard model of physics? A major reason is that a charged point particle has an infinite energy of selfrepulsion. Traditional QED has no explanation for why nature somehow converts this to a finite physical mass-energy. Where does the deus-ex-machina infinite negative energy of renormalization come from? Modeling the electron (and quark) as a particle with nonzero radius -a "soliton" -is the obvious and natural solution. A key hidden reason why superstring theory overcomes this problem is that it assumes the electron has a very small but nonzero radius -but we don't need to postulate lots of unobserved hidden dimensions of space in order to obtain this benefit.
9. In 8, it is not assumed or required that these bosonic field theories be "superrenormalizable" or even "renormalizable" in the usual sense. To be mathematically well-defined, it is good enough that that the CFT themselves be well-posed in a reasonable sense as partial differential equations. Leaders in axiomatic QFT like Arai have long recognized that nonperturbative methods will be required, in order to achieve mathematically well-defined field theories powerful enough to reflect what the standard model can predict [22] . The underlying problem is that conventional renormalization and perturbation is based on Taylor series expansion about zero (the vacuum state) -but those kinds of Taylor series simply don't work in describing many important field systems and states, like solitons. Rajaraman [11] has stressed that a different kind of polynomial expansion -a "WKB" expansion, an expansion about a nonzero state like a soliton state -is essential to the mathematics of this class of QFT.
Some Possible Ways of Pursuing the Q Hypothesis
As with the P hypothesis [3], the Q hypothesis has empirical implications for quantum measurement which are well-worth pursuing in their own right -particularly for areas like quantum optics and quantum computing. There are obvious interesting issues in basic mathematics as well.
Perhaps the most exciting new possibility is that the computational methods which have been crucial to the power of modern QED engineering (photonics, chips, etc.) could be applied to the realm of strong nuclear forces. Even if the P and Q hypotheses turn out to be wrong, in the end, they do provide a kind of computable upper bound and lower bound to the energy predictions of bosonic QFTs. Furthermore, recent progress with atom and hadron lasers suggests that the same coherence effects which have radically shaped what we can do with electromagnetism might also allow us to do things with strong nuclear forces far beyond what today's megacollider two-body thinking allows us to imagine; to make this possible, the same type of mathematics needed to understand and exploit coherence effects in quantum optics may be essential.
However, where we can we get a more specific Lagrangian for a bosonic family of models that could replicate the predictions of QCD?
There are many possibilities here. (We should be happy that there is more than one possibility allowed by this framework. It is better that empirical data make the choice between possibilities, and that we not be restricted to only one.) The most obvious possibility is to start from the Hasenfratz/'tHooft model [18] of a fermionic soliton which emerges from the totally bosonic Lagrangian they specify. But that soliton is a "dyon" -an object of mixed electrical and magnetic charge! The most obvious next step is to try to establish the validity of Julian Schwinger's proposed extension/modification of the quark model [20] , which uses these dyons in place of conventional quarks. In this effort, it is essential to incorporate Schwinger's suggestion (at the end of [20] ) that gluons may also have magnetic charge. With that modification, Schwinger pointed out that his model can actually address empirical results which the QCD has been unable to explain to this day.
One important technicality here is that bosons still give us a choice. They may be bound states of solitons in some cases, or simple radiative fields without mass in others. There is no reason why "mass-like" m|ϕ ϕ ϕ ϕ| 2 terms cannot appear in the Lagrangians of such fields. Thus there are a variety of parameters to explore empirically. Also, it is not so clear that we really need "color" here to explain everything observed so far; Schwinger's model provides an alternative starting point whose predictions can be explored much further.
It is possible, however, that some of the key experiments here might be performed more safely in earth orbit than on the surface of the earth, until we have a better understanding of how they work (and how they interact with gravity). Fortunately, many-body experiments performed in a vacuum may not require the huge masses that we are accustomed to from earth-based supercolliders.
Concluding Remarks
This paper is not intended as a criticism of Heisenberg's great philosophical vision that we should try to understand the universe as "a great mind" rather than a "great machine." Since the time of Pythagoras, efforts to understand the mind more deeply and mathematically have been important to human progress in general. However, the empirical evidence now available to physics can be unified in a much simpler way. New mathematical tools to analyze networks of neurons, for example, are also very important to improving our understanding of mind, encompassing all levels of experience. Perhaps someday we will find a more solid way to unify these two larger areas of research -the study of the universe and the study of the mind -but the old "metaphysical observer" concept is obsolete, and in many ways like a bad pun, like the medieval theories which would "model" the stars as "God's great clock;" it is a kind of false marriage that is an injustice to both sides.
Most physicists would say that the wave functions and density matrices of modern quantum theory are ways of "encoding" our information. But what is the code? The Q hypothesis asserts that the code is given by equation 7, the equation which lets us decode the information.
